1 To whom correspondence should be addressed ovary syndrome patients, pregnancy, human chorionic gonadotrophin (HCG) supplementation, high serum oestradiol (Ͼ2500 Ovarian hyperstimulation syndrome (OHSS) is a serious complication affecting ovulation induction. Its most severe pg/ml), multiple follicles and ultrasonographic ovarian 'neckmanifestation takes the form of massive ovarian enlargelace sign' (Navot et al., 1988) . ment and multiple cysts, haemoconcentration and thirdAlthough the pathophysiology of this syndrome has not space accumulation of fluid. The full-blown clinical been completely elucidated, it seems likely that the release of syndrome may be complicated by renal failure and oliguria, vasoactive substance secreted by the ovaries under HCG hypovolaemic shock, thromboembolic episodes, adult stimulation plays a key role in triggering this syndrome respiratory distress syndrome (ARDS), and death. Although (Tsirigotis et al., 1994; Goldsman et al., 1995) . OHSS occurs the pathophysiology of this syndrome has not been comwhen ovulation-inducing treatment results in the growth of pletely elucidated, it seems likely that the increased capilmultiple large follicles, massive extravascular protein rich fluid lary permeability triggered by the release of vasoactive shifts and secondary intravascular volume depletion (Schenker substance secreted by the ovaries under human chorionic et al., 1978) (Figure 1 ).
gonadotrophin (HCG) stimulation plays a key role in this
The underlying mechanism responsible for the clinical syndrome. Several factors such as histamine, serotonin, manifestations of OHSS appears to be an increase in capillary prostaglandins, prolactin, and a variety of other substances permeability of the ovarian vessels and other mesothelial have been implicated in this process in the past. At present, surfaces (Polishuk et al., 1969; Knox, 1974; Konickx et al. , factors belonging to the renin-angiotensin system, cytokines 1980; Tollan et al., 1990; Mordel et al., 1993; Schenker, 1993 ; including the interleukins, tumour necrosis factor alpha, Goldsman et al., 1995) . It is the third space fluid sequestration endothelin-1 and vascular endothelial growth factor and the associated systemic vascular changes that contribute (VEGF) are thought to be involved in triggering increased most to the morbidity and mortality associated with OHSS. vascular permeability after ovulation induction treatment.
The anatomical changes, involving enlargement of the ovaries This manuscript summarizes the current knowledge of the and increased capillary permeability leading to acute fluid pathophysiology of ovarian hyperstimulation syndrome shift, may explain the different clinical features observed in with emphasis on the correlation of the various factors this syndrome. Rapid body fluid shift in cases of ovarian with the clinical phenomena of this iatrogenic syndrome.
hyperstimulation may lead to hypovolaemia and haemoconcenKey words: interleukins/ovarian hyperstimulation syndrome/ tration, as indicated by increased haematocrit values and pathophysiology/vascular endothelial growth factor serum osmolarity (Schenker et al., 1967) . When not corrected immediately, hypovolaemia may lead to decreased renal perfusion, subsequently stimulating the proximal renal tubules to Introduction resorb salt and water, resulting in clinical manifestations of oliguria, electrolyte imbalance and azotaemia. The loss of fluid Ovarian hyperstimulation syndrome (OHSS) is a severe iatroand protein into the peritoneal cavity and occasionally into the genic complication of ovulation induction which has a very pleural cavity accounts for the hypovolaemia and haemoconserious impact on the patient's health and may cause severe centration. This in turn results in low blood pressure and morbidity and even mortality. Based on the clinical presentation decreased central venous pressure (Jewelewicz et al., 1975 ; and laboratory findings OHSS is divided into three categories: Goldchmit et al., 1993; Grochowski et al., 1995) (Figure 2 ). mild, moderate and severe and into six grades of severity
The dynamic fluid changes resulting from vascular leak may (Rabau et al., 1967; Schenker et al., 1978) . Ideally, ovarian lead to ascites, adult respiratory distress syndrome (ARDS) ovulation induction should stimulate the ovaries only to the and to haemoconcentration and thromboembolic phenomena. desired level of ovulation. However, the narrow therapeutic
The enlarged ovaries, composed of follicular and luteal cysts, range of human menopausal gonadotrophin (HMG) and other ovulation induction agents, and the occasional unpredictable may cause intra-peritoneal bleeding or torsion, which requires von Willebrand factor (vWF) may play a modulatory role in ovarian physiology and in the pathogenesis of ovarian hyperstimulation syndrome (Cannon et al., 1985; Hurwitz et al., 1992; Todorow et al., 1993; Delbaere et al., 1994; McClure et al., 1994; Morris et al., 1994; Goldsman et al., 1995; Ravel et al., 1996) . The purpose of this review is to summarize current knowledge of the possible pathophysiological pathways leading to OHSS. Knox (1974) found that OHSS could be blocked in rabbits by administration of antihistamine preparations. In animals treated with antihistamine a more rapid regression of the hyperstimulated ovaries was observed than in a control group (Knox et al., later studies demonstrated no difference in histamine levels between rabbits in whom OHSS was induced and controls (Erlik, 1979) . Also, using two different H1 receptor blockers no role of serotonin was found in the pathogenesis of OHSS (Zaides, 1983) . Pride and Ho (1990) , also in rabbits, studied the role of chlorpheniramine maleate, an H-1 receptor blocker, in OHSS. This effectively blocked the ascites formation but did not prevent the ovarian enlargement and augmentation of the intraovarian prostaglandin F content (Pride et al., 1990) .
Factors implicated in the past in the pathogenesis of OHSS Histamine and OHSS

Oestrogen and OHSS
Abnormally high concentrations of various steroids, oestrogens in particular, are found in ascitic fluid and serum in cases of OHSS following HMG-HCG ovulation induction. Thus, it is triggering factor for the increase in capillary permeability. It has been confirmed that this syndrome develops only after immediate surgical intervention (Schenker et al., 1967 ; Hurwitz ovulation and corpus luteum formation (Thaler et al., 1981 (Thaler et al., ). et al., 1983 .
Experimental evidence in the rat and the rabbit has shown that It is well established that removing the ascites fluid by excess oestrogens may cause increased capillary permeability paracentesis dramatically improves the clinical condition of of the uterus and ovarian vessels (Pappan and Blanchette, patients with severe OHSS, leading to improved renal function 1965). and circulatory function Schenker, On the other hand, it is known that administration of high 1993). This suggests that mechanical factors causing increasing doses of oestrogens do not, by themselves, produce clinical intra-abdominal pressure, such as ascites and ovarian enlargehyperstimulation. Moreover, a case of OHSS after ovulation ment per se, could play an important role in the pathogenesis induction treatment in a patient with late onset congenital of OHSS apart from biochemical factors.
adrenal hyperplasia, in the absence of elevation of oestrogen There is a continuous effort to find the exact factors levels, has been described (Meirow et al., 1996) . Further proof responsible for the increased vascular permeability. Several that oestrogen is an 'innocent bystander' factor in OHSS is factors including histamine, serotonin, prostaglandins, prolactin that in experimental animals the syndrome was not prevented and a variety of other substances have been implicated in the by extraperitonealization of the ovaries (Yarali et al., 1993) . past (Knox, 1974; Zaides et al., 1983) . However, only scant Therefore, it is assumed that the increased capillary permeabildata support an important role for any of these factors.
ity found in cases of OHSS is due to excess concentrations of Prostaglandins, histamine and oestrogens have also been menimmediate metabolites secreted by the ovary after HMG-HCG tioned, but their role in increasing vascular permeability is stimulation rather than to high oestrogen levels per se. controversial (Davis, 1960; Engel et al., 1972; Schenker et al. 1976) .
Prostaglandins and OHSS Experiments in animal models have been performed to deterRecent evidence suggests that several other factors including the angiotensin-renin cascade, various cytokines such as mine whether prostaglandins are the 'active substances' in the development of this syndrome. Early experiments demonstrated interleukin-1 (IL-1), interleukin-6 (IL-6), interleukin-8 (IL-8) or interleukin-2 (IL-2), tumour necrosis factor alpha (TNFα), that indomethacin, a blocker of prostaglandin synthesis, could prevent the fluid shift associated with the ascites, pleural vascular endothelial growth factor (VEGF), endothelin 1 and effusion and hypovolaemia seen in this syndrome (Schenker progesterone on the ovaries or on the hypophysis in this situation (Schenker et al., 1967; Araujo et al., 1994) . Cryoet al., 1976) . Excessive oestrogen produced by the large number of developing follicles may also stimulate increased preservation may be used to avoid endogenous HCG rise in in-vitro fertilization-embryo transfer programmes. Judicious production of prostaglandins, which in turn may be responsible for the increased capillary permeability observed in OHSS.
use of this technique to defer embryo transfer to a later cycle may prevent severe OHSS in high risk cases (Navot Moreover, other studies have shown that, in the presence of OHSS, ascites formation is not effectively suppressed by et al., 1993). indomethacin (Pride et al., 1986) . In the clinical setting, Renin-angiotensin system and OHSS indomethacin has been used as a therapeutic measure in cases of severe OHSS with variable results (Katz et al., 1984;  Increased vascularity as well as increased capillary permeability at the time of ovulation is an important part of the angiogenic Borenstein et al., 1989) . Although it has been reported that indomethacin administration is beneficial (Katz et al., 1984) , response of the follicle. The angiogenic properties of human follicular fluid (Frederick et al., 1984) combined with its high a later report by the same group failed to show any improvement in the pathological process in patients with severe OHSS content of prorenin, plasma renin-like activity, angiotensin II-like immunoreactivity and angiotensin converting enzyme . Therefore, the role of prostraglandins in triggering the pathological processes of OHSS has not (ACE) raised the possibility of the involvement of the reninangiotensin system in the pathogenesis of OHSS through new been proven.
vessel formation and increased capillary permeability (Pessina HCG and OHSS et al., 1972; Fernandez et al., 1985; Culler et al., 1986; Itskovitz et al., 1987; Navot et al., 1987; Ong et al., 1991 ; It is well known that the development of severe OHSS is dependent on either exogenous administration of HCG or Delbaere et al., 1994) . The involvement of a locally activated renin-angiotensin-aldosterone cascade has been implicated as endogenous pregnancy-derived HCG stimulation.
HCG is administered during ovarian stimulation both to a possible cause of the severe form of the syndrome through neovascularization and increased capillary permeability rate trigger ovulation and for luteal support. Both dosage and timing of HCG administration vary according to the protocol through endothelial cells in vitro (Pessina et al., 1972; Goldsman et al., 1995) . being followed. Other agents including gonadotrophin-releasing hormone (GnRH) and its analogues may serve as ovulation Navot et al. (1987) studied plasma renin activity and aldosterone in patients with ovarian hyperstimulation and triggers and gestagen preparations may be used instead of HCG for luteal support (Balasch et al., 1994; Blumenfeld showed the following results: the pattern of plasma renin activity in HMG hyperstimulated cycles was characterized by et al., 1994). HCG induces ovulation directly whereas an endogenous luteinizing hormone (LH) surge occurs when a mid-luteal peak which declined to normal in the late luteal phase in non-conceptual cycles, whereas a sustained elevation GnRH or its analogues are used (Gerris et al., 1995) . It is well known that HCG administration is critical for the development of plasma renin activity occurred in conceptual cycles. A direct correlation between the magnitude of plasma renin activity of OHSS. OHSS will not occur following administration of HMG alone, except in sporadic cases. and the severity of OHSS was established. A significant correlation was demonstrated between plasma renin activity in It is also established that, by withholding HCG when oestrogen concentrations are too high, severe OHSS may be the serum and either progesterone or oestradiol concentrations. Elevated values of plasma aldosterone were observed in cycles prevented, but failure to ovulate and conceive may also occur. Although cycles with an endogenous LH surge in general with OHSS, and especially in conceptual cycles with OHSS. The enlargement of the ovaries, which consists of multiple result in fewer cases of OHSS (Shalev et al., 1994) , this iatrogenic syndrome cannot be totally prevented by inducing follicular and corpus luteum cysts, requires extensive angiogenesis. It is known that follicular fluid of both non-luteal and endogenous LH surge through substitution of GnRH for HCG (Blumenfeld et al., 1994; Gerris et al., 1995) . Shoham et al. luteal ovarian tissue contain factors which are capable of stimulating new vessel formation (Pessina et al., 1972; Itskovitz (1994) successfully used 50 g i.v. human albumin HCG administration in high risk cases in order to prevent the et al., 1987) . The actions of the renin-angiotensin system to increase arterial vasoconstriction, arterial permeability, syndevelopment of severe OHSS. However, further research is needed to assess the potential of this approach.
thesis of prostaglandins and aldosterone, combined with its angiogenic properties may explain several clinical phenomena HCG is also used for luteal phase supplementation during GnRH agonist controlled ovarian hyperstimulation cycles.
in OHSS (Fernandez et al., 1985) . Ascites, haemoconcentration, arterial vasoconstriction and massive angiogenesis could HCG administration was found significantly to increase the risk of OHSS (McClure et al., 1992) . Thus, it has been all be explained by the action of factors upon this system. According to this concept the increased capillary permeability suggested that luteal support with HCG should be excluded whenever oestradiol concentrations are Ͼ2500 pg/ml and the present in OHSS is due to the involvement of the renin angiotensin system and synthesis of prostaglandins in the number of follicles exceeds 10 (Araujo et al., 1994) . When progesterone is administered as luteal support there is clinical ovaries (Figure 3 ). Urinary aldosterone values were found to be markedly increased in several patients with OHSS (Navot evidence of a lower risk of OHSS than when HCG is used, and ovarian enlargement declines more rapidly. It is however et al., 1987) . High concentrations of aldosterone may prevent an effective sodium diuresis once plasma volume and renal not known whether there is a direct inhibitory effect of family. The presence of cytokines within the ovary does not appear to depend only on lymphocytic infiltration, as the oocyte may also contribute to their production. Zolti et al. (1991) demonstrated the expression of various cytokines in the oocyte and early embryo. Thus, it was not unreasonable to anticipate a role for these ovarian regulators in the pathophysiology of OHSS.
Interleukin 1 (IL-1) IL-1, a polypeptide cytokine predominantly produced and secreted by activated macrophages, has been shown to possess a wide range of biological functions as well as to play a role as an immune mediator (Dinarello, 1984; Duff, 1985; March et al., 1985; Gray et al., 1986; Fukuoka et al., 1988) . It plays an important role in the pathogenesis of many diseases and mediates a broad spectrum of systemic changes involved in the host response to infection, inflammation, immunological challenge and injury. Infusion of IL-1 into rabbits can induce a shock-like state, with high cardiac output and low systemic vascular resistance (Okusawa et al., 1988; Weinberg et al., 1988) .
These facts, combined with evidence that implicated IL-1 Figure 3 . Suggested role of angiotensin-renin system and in ovulation, raised the possibility that IL-1 may also be prostaglandins in the pathogenesis of ovarian hyperstimulation syndrome. LRA: luteal phase renin activity; ACE: angiotensin involved in OHSS (Cannon et al., 1985; Fukuoka et al., 1988;  converting enzyme. Khan et al., 1988; Gottschall et al., 1988 Gottschall et al., , 1989 . A significant decrease in IL-1 was observed with concurrent clinical resolution in patients with severe OHSS (Abramov et al., 1996) . perfusion are restored following initial treatment. With less Moreover, IL-1 activity correlated with haematocrit and plasma sodium reaching the distal tubule, there is a decrease in the oestradiol concentrations. These findings imply a possible role exchange of hydrogen and potassium for sodium, resulting in for IL-1 in the pathogenesis of OHSS. Hypothetically IL-1 hyperkalaemic acidosis. The rise in the blood urea nitrogen is released into the systemic circulation during severe OHSS due to decreased perfusion and increased urea absorption. Thus, may cause capillary hyperpermeability, haemoconcentration the patient is hypovolaemic, azotaemic and hyperkalaemic.
(as manifested by elevated haematocrit) and perhaps other In a recent study in a rabbit experimental model it was acute phase responses. found that enalapril, an ACE inhibitor, may decrease the Interleukin 6 (IL-6) incidence of OHSS in 40% of cases (Morris et al., 1995) . This IL-6 is produced by various types of lymphoid and nonstudy showed that angiotensin II may play a significant lymphoid cell, such as T cells, B cells, mesangium cells and role in the development of weight gain, third-space fluid several tumour cells. Similar to IL-1 and TNFα, this polypepaccumulation and intravascular fluid depletion in OHSS. Howtide has various effects including the modulation of inflammatever, although the renin-angiotensin system may explain some ory reactions involving various cell lineages including the of the characteristics in OHSS including vasoconstriction and immune system (Hirano et al., 1986) . Elevated concentrations several other symptoms, it is not clear whether this system of IL-6 have been reported in some patients with septic triggers the cascade leading to OHSS or is merely a secondshock (Waage et al., 1989) , and in one study elevated IL-6 ary feature.
concentrations correlated with hypotension, shock and mortalInterleukins in OHSS ity (Hack et al., 1989) . Interleukin-6 has also been described in the follicular fluid of patients undergoing ovarian stimulation Recent work on ovarian physiology has suggested an inter- (Buyalos et al., 1992) , and in ascitic fluid and plasma of action between the immune system and the ovaries. These patients with OHSS (Fridlander et al., 1993) . Other cytokines, findings may shed a new light on the pathophysiology of however, were unchanged. Lately, our group also found high OHSS. Distinct white blood cell populations reside in the cytokine levels in ascitic fluid and plasma of patients with ovary; some, such as the macrophages, are relatively permanent OHSS (Ravel et al., 1996) . Elevated plasma IL-6 has been inhabitants (Hume et al., 1984) , while others, like the mast recorded also in acute pancreatitis and acute alcoholic hepatitis, cells, show considerable variation throughout the menstrual conditions in which ascites and hypotension are common cycle (Nakamura et al., 1987) .
complications of severe disease (Finkel et al., 1992) . In both Cytokines, polypeptide products of immune cells which conditions, the higher the plasma level of IL-6, the greater the have profound effects upon non-immune tissues (Dinarello, likelihood of a fatal outcome. Whether increased IL-6 is an 1989), have been shown to play a role in mediation of ovulation epiphenomenon in these conditions or directly contributes to (Adashi, 1990) . Most recent work regarding this cytokine modulation of ovarian function has focused on the interleukin vasomotor instability and death is not known at this time.
Increased capillary permeability and neovascularization play a central role in the pathogenesis of OHSS. IL-6, along with IL-1 and TNFα, mediates systemic reactions characterized by leukocytosis, increased vascular permeability and increased concentrations of acute phase proteins synthesized by the liver. These phenomena are characteristic of OHSS (Nijsten et al., 1987; Castell et al., 1988; Geiger et al., 1988) . IL-6 is produced by ovarian tumour cells and may play an important role in promoting angiogenesis as well as maintaining tumour vessel formation and the development of ascites associated with ovarian cancer (Watson et al., 1990) . The mRNA of IL-6 has been reported to be produced in vivo in two angiogenic processes: the neovascularization accompanying ovarian follic- in the maternal decidua following embryonic implantation (Motro et al., 1990) . This limited expression of IL-6 suggests a role for this cytokine in reproductive angiogenesis. In view specific cytolytic and cytostatic effects in a broad range of of these findings it is tempting to hypothesize that IL-6 may transformed cell lines in vitro. TNF-α has an acute, concentraindeed be one of the mediators of OHSS. The mechanism by tion-dependent vasodilatory effect on vascular smooth muscle which IL-6 might mediate the pathogenesis of this syndrome (Hollenberg et al., 1991) . It is elaborated during infection and is not completely clear though it might be involved in neois produced in abundance in response to exotoxin. When vascularization and ascites formation. IL-6 has not been shown administered to animals, TNF-α can produce fever, hypotento cause vasodilatation and hypotension independent of IL-1-sion, acidosis, disseminated intravascular coagulation and death beta and TNF-α in vivo or in vitro (Hollenberg et al., 1991; (Beutler and Cerami, 1986) . The hypotension produced by Preiser et al., 1991) . Therefore, TNF-α or IL-1-beta may also TNF-α in a canine model is characterized by normal cardiac be responsible, at least initially, for the development of the output, low systemic vascular resistance and decreased ejection capillary leakage and vasomotor instability seen in OHSS.
fraction (Natanson et al., 1989) . At the level of the ovary, This fact could support the assumption that all these cytokines TNF-α has been implicated in the process of atresia and/or function in concert to generate OHSS. IL-6 may have profound luteolysis (Bagavandoss et al., 1987; Darbon et al., 1989 ; effects on the peritoneal acute phase response in OHSS, Adashi et al., 1990) . In this capacity, TNF-α of intraovarian therefore aggravating further leakage of fluids and inflammatorigin may exert its effects at or adjacent to its site of synthesis, ory mediators from the systemic circulation and ovaries into interacting with specific granulosa/luteal cell surface receptors the peritoneal cavity (Figure 4) . to modulate gonadotrophin hormonal action. A significantly increased TNF-α activity was found in severe
Interleukin 8 (IL-8) Interleukin 2 (IL-2)
OHSS followed by a fast decrease accompanying clinical IL-8, a cytokine only recently discovered, mediates the transendothelial migration and activation of neutrophils at the site of resolution. These kinetics suggest a possible role for TNF-α inflammation (Prado et al., 1994) . Abramov et al. (1996) found in the pathophysiology of OHSS. Balasch et al. (1991) reported recently that low IL-8 concentrations were detected in the that severe OHSS is associated with a severe circulatory blood of three out of four patients with OHSS. No patient had dysfunction characterized by marked peripheral arteriolar vasohigh plasma IL-8 activity associated with severe OHSS. On dilatation, underfilling of the arterial vascular compartment, the other hand extremely high concentrations of IL-8 were arterial hypotension, tachycardia, increased cardiac output found in ascitic fluid of all study patients during the severe and homeostatic stimulation of the renin-angiotensin and hyperstimulation phase, implying a direct spill of IL-8 from sympathetic nervous systems and antidiuretic hormone. This the ovaries to the peritoneal cavity. IL-8 may therefore mediate hyperdynamic circulation resembles some of the known effects the intraperitoneal acute phase response seen in OHSS, by of TNF-α and other cytokines. A possible scenario by which inducing transendothelial migration of neutrophils to the peri-TNF-α originating in the ovary is released to the circulation toneal cavity. This may create a vicious cycle which further where it causes systemic acute phase responses such as perpetuates the peritoneal response in OHSS. In other studies vasodilatation and increased capillary permeability may be the possible role of IL-2 in the pathogenesis of OHSS was envisioned. investigated (Takakura et al., 1989; Orvieto et al., 1995) .
Endothelin-1 Higher IL-2 concentrations were found in the follicular fluid of patients who later developed severe OHSS as compared to Endothelin-1, an endothelial derived peptide, is a potent the control group (Orvieto et al., 1995) . It is suggested that vasoconstrictor that increases capillary permeability in several IL-2 may also play a role in the pathogenesis of OHSS tissues (Filep et al., 1993) . High concentrations of endothelin-1 (Figure 4) .
were found in follicular fluid from patients undergoing ovulation induction (Kamada et al., 1993) . Endothelin-1 concentra-TNF-α tion was found to be 100-300-fold higher in the follicular TNF-α, a 157-amino acid polypeptide, proved capable of inducing tumour necrosis in vivo. It also caused non-speciesfluid than in the plasma. Moreover a positive correlation between endothelin-1 and FSH concentration in the follicular fluid was found, suggesting that endothelin-1 may play a role in ovarian function as well as in OHSS. Recently, elevated plasma values of immunoreactive endothelin were found in patients with severe OHSS in parallel with other neurohormonal vasoactive factors such as norepinephrin, antidiuretic hormone, atrial natriuretic peptide and renin and angiotensin (Balasch et al., 1995) . However these factors may represent a homeostatic response to maintain blood pressure rather than being the initiators of the syndrome.
Vascular endothelial growth factor
Follicular fluid and peritoneal fluid from patients at risk of OHSS induced a significant increase in the permeability of endothelial cells in vitro, by a magnitude which correlated with the response to controlled ovarian hyperstimulation (Goldsman et al., 1995) . This implied that the factors responsible for this syndrome probably originate from the enlarged ovarian follicles. It was subsequently found that VEGF is responsible OHSS (McClure et al., 1994) . Vascular endothelial growth factor, also known as vascular permeability factor (VPF), can such expression is dependent on LH. This information might provoke extravascular fluid accumulation, haemoconcentration add another riddle to the puzzle of the pathophysiology of and elevated plasma concentration of vWF, all of which are OHSS, namely that HCG causes elevation of VEGF mRNA known complications of OHSS (Todorow et al., 1993 observed a significant increase in VEGF/creatinine ratios times that of histamine (Senger et al., 1983) . It was found in following HCG administration (Robertson et al., 1995) . Thus, mice that excessive expression of VEGF during ovulation the old practice of withholding HCG whenever there is a risk induction may contribute to the development of OHSS through for OHSS is clearly in the context of preventing elevated the increased vascular permeability enhanced by this factor concentrations of VEGF which might otherwise trigger OHSS. (Shweiki et al., 1993) . In another study Krasnow et al. In conclusion although other capillary permeability factors demonstrated elevated concentrations of VEGF in the serum may also contribute, there is strong evidence that VEGF has of patients who developed severe OHSS. Follicular fluid VEGF a major role in the pathogenesis of OHSS ( Figure 5 ). was found to be 100-fold greater than serum or peritoneal fluid 36 h after HCG administration (Krasnow et al., 1996) . Summary McClure et al. investigated the role of VEGF in OHSS (McClure et al., 1994) . Samples of ascites were collected from OHSS is characterized by massive transudation of protein-rich fluid (mainly albumin) from the vascular space into the severe OHSS patients by therapeutic paracentesis. Ascites obtained from patients with non-malignant chronic liver failure peritoneal pleural and to a lesser extent into the pericardial cavities. The intensity of the syndrome is related to the degree acted as control for the OHSS ascites. They found that VEGF is the major capillary permeability factor in OHSS ascites, of the follicular response in the ovaries to the ovulation inducing agents. Ovarian hyperstimulation syndrome remains since addition of specific antibodies against VEGF (rhVEGF) was able to neutralize 70% of capillary permeability activity. a threat to every patient undergoing ovulation induction. The pathophysiology of ovarian hyperstimulation syndrome is of Other evidence for the key role of VEGF in the pathogenesis of OHSS was also found. High concentrations of this substance extreme importance in the face of the increased use of ovulation induction agents as well as the development of sophisticated were found in ascites from OHSS patients. Recently, dynamic changes in VEGF concentrations in the ascitic fluid of patients assisted reproductive techniques. In this manuscript we reviewed the factors that are probably responsible for this with severe OHSS were found (Abramov et al., 1997) . Moreover it was found that VEGF expression in granulosa cells syndrome. The correlation found between plasma cytokine activities and the severity of OHSS suggests that plasma obtained from women undergoing oocyte retrieval for IVF could be enhanced by addition of increasing amounts of HCG cytokines may be involved in the pathogenesis of OHSS and may serve as a means of monitoring the syndrome during the (Neulen et al., 1995) . Hybridization studies in the rat and primate ovary demonstrated VEGF mRNA expression (Phillips acute phase and throughout convalescence. The interactions between cytokine and non-cytokine mediators of the syndrome, Ravindranath et al., 1992) especially after the LH surge. The same phenomenon is essential for OHSS to develop.
such as the renin-angiotensin system and vascular endothelial growth factor (VEGF), await further clarification. However, GnRH antagonist treatment to suppress LH surge on the other hand was found to decrease VEGF mRNA expression, implying it seems that a combination of immune and non-immune permeability which explains most of the symptoms and signs Duff, G. (1985) Many roles for interleukin-1. Nature, 313, 352.
of OHSS. However, the puzzle is not resolved and many Engel, T., Jewelewicz, R., Dyrenfurth, I. et al. (1972) 
